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SECTION I 

INTRODUCTION AND PRINCIPAL CONCLUSIONS 

This report presents the results of the analysis of nine long- 

period noise samples recorded at the Montana LASA between 12 November 1966 

and 7 February 1967.    This analysis was undertaken to describe the salient 

characteristics of the long-period noise.   Particular attention was given to 

spectral analysis, coherence among channels,  spatial organization, iden- 

tification of modal content, and jdentifi ation of noise sources. 

Results of the analysis of the long-period noise indicate that 

• The noise generally appears to be related 
to storms and is probably the result of 
wave activity in the North Atlantic and 
North Pacific.    This storm activity is 
quite persistent during the winter months 
but is considerably reduced during other 
seasons.   It would, therefore, be 
hazardous to extrapolate the conclusions 
of this study to the long-period noise 
during other seasons 

• The noise is quite time-variable; noise 
power spectra change in shape and level 

• The noise is highly coherent; vertical 
components can be predicted very well 
from horizontal or from other vertical 
instruments 

r 
• The coherent-noise peaks above 0.05 cps 

appear to be predominantly (at least 
90 percent) surface-mode energy, which 
is generally directional 

• There is some evidence that a portion 
of the horizontal energy is Love-wave 
energy 

r 
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• The noise below 0.05 cps does not 
appear to behave as propagating plane 
waves; however,  conclusions about 
such low-frequency energy must be 
tentative, for the data samples used 
in this study were about 80-niin long 

• Power spectta of similar components 
are generally space-stationary 

i 

0 

■ 

u •   The horizontal components are con- ») 
siderably noisier than the vertical 
in the range f < 0. 05 cps and 
0.1 <f < 0.2 cps 

Three-component long-period instruments are located at the 

center of each subarray at the Montana LASA.   A map of the subarray lo- 

cations and their coordinates relative to A0 are ehown in Figure 1-1,    The 

amplitude response of the instrument-amplifier-filter combination used 

during the data recording is shown in Figure 1-2. 

The long-period data are recorded at five samples/sec and, 

as recorded in the field, fill one magnetic tape In about 80 min. Thus, all 

samples available to thie study were of 80-min or less duration. 

Data were resampled by 5       i 1-sec At.    This results in a 

Nyquist folding frequency of 0. 5 cps.    No antialias filtering was necessary, 

as the recording system has an effective cutoff below 0.5 cps (Figure 1-2). 

Overall, data were about 60-percent usable.    Some noise 

samples were entirely discarded as unusable.    The major problem was spiking, 

but there are many instances of dead traces and traces with wild long-period 

fluctuations. 
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November 1965 

LASA 

NAME AZIMUTH DELTA-KM THETA X Y 

Bl 54. 902 12.312 35.098 10.07330 7.07912 
B2 141.477 7.614 308. 523 4.74223 -5.95686 
B3 246.010 8.039 203.990 -7.34456 -3.26849 
B4 347.011 9.063 102.989 -2.03704 8.83111 

Cl 23.531 18.291 66.469 7.30259 16.77000 

C2 97.459 1^.245 352. 541 1 i. 107 54 -2.10883 

C3 191.498 12.981 258.502 -2. 587 53 -12. 7',,050 

C4 294. 023 12.769 155 977 -11.66298 5. 19S29 

Dl 56.459 30. 497 3i.541 25.41596 16.85062 

D2 141.708 26. 250 308.292 16.26637 -20.60261 

D3 232. 156 25. 110 217.844 -19.82894 -15.40536 

D4 336.360 30.7 53 113.640 -12.33163 28. 1722'/ 

El 13. 507 54.221 76.493 12.66405 52.72133 

E2 106.254 68. 551 343.746 65.81109 «19. 18699 

E3 188.314 60. 556 261.686 -8.75616 -59.91960 

E4 278.849 53.706 171. 151 -53.06676 8.26157 

Fl 45.670 109.262 44.330 78. 15803 76.35121 

F2 146.491 103.543 303. 509 57. 16296 -86.33393 

F3 220.066 103.487 229.934 -66.bll30 -79. 19908 

F4 325.943 97.244 124.057 -54.45840 80. 5647 J 

Figure 1-1.    Subarray Locations and Their Coordinates Relative to A0 
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Figure 1-Z.   Amplitude Response of Long-Period Seismometer-Amplifier- 
Filter Combination 

Recording times of the noise samples analyzed in this study- 

are shown in Table 1-1. 

Table I-1 

RECORDING TIMES OF NOISE SAMPLES 

Date 

12-13 November 1966 
18 November 1966 
2 December 1966 
3 December 1966 
3 December 1966 
13 December 1966 
21 December 1966 
28 December 1966 
7 February 1967 

Time 

,52:51:24.4 
17:19:39.6 
21:37:00.5 
04:17:00.5 
05:37:00.5 
13:02:01.6 
04:22:57.7 
03:02:01.7 
20:34:02.4 

00:11:24.4 
18:39:31.8 
22:49:50.9 
05:36:59.9 
06:56:59,9 
14:22:01.0 
05:40:57.1 
04:22:01.1 
21:54:01.8 

1 

Ü 

E 
e 
o 

i 
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Noise-analysis techniques used included wiggle-trace playbacks, 

power spectra, determination of multichannel coherence from multiple 

coherences, and wavenumber spectra.    Details of the implementation of these 

techniques and comments pertinent to their use follow. 

The main purpose of the wiggly-trace playbacks was for quality 

control.   Playbacks were presented only for some noise samples, and thet.e 

are not always played back with similar amplification. 

All power spectra were high-resolution, maximum entropy 

spectra, calculated from prediction-error filters using a technique invented 

by John Burg of Texas Instrument Incorporated.    Mr. Burg will present de- 

tails of the technique at the Fall Conference of the Society of Exploration 

Geophysi cists. 

The scales, in units of (nm)2/cp8 at 0.04 cps,  come from the 

one available long-period calibration are shown in Table 1-2. 

These calibration data were averaged and the average taken 

as the gain ratio (digital units) / {\jm ground motion).    This factor was applied 

to all noise samples except the 28 December samples which had an unknown scalar 

multiplication during initial processing.    Therefore, the absolute scales must 

be considered only an approximate figure. 

In relating the power spectrum of one sensor to another, the 

calibration data have been ignored.   No multiplication correction has been 

applied to any of the spectra for three reasons.    First, the power spectral 

densities are, in general, very similar in the region of the most coherent- 

noise energy (0.06 cps).   Secondly, the 25-sec period sinusoidal calibration 

is at a considerably lower frequency than the range of greatest interest to the 

noise studies.    Finally, the single calibration is separated in time by a con- 

siderable period from most of the noise recordings. 

1-5 sotono« ••rvie«/« division 



Table 1-2 

LONG-PERIOD INSTRUMENTS n (6 March 1967) 

LPZ LPN LPE 

u Location (cts/u) (cts/u) (cts/u) 
AO 394.9 422.3 404.5 
Bl 378.4 379.5 393.1 Q B2 387.6 399.3 393.6 
B3 359.3 357.8 360.0 - 
B4 426.7 432.7 438.9 

«J Cl 390.1 370.7 383.9 
C? 382.9 382.6 356.2 

B C3 422.5 376.8 432.6 
C4 407.4 393.1 417.2 
Dl 369.2 409.2 413.2 

i D2 374.9 39i.O 369. 5 
D3 374.2 408. 6 366.8 
D4 371.5 382.8 392.7 

0 El 176.5 332.5 406.5 
£2 401.3 422.6 421.6 
E3 374.1 434.9 462.7 i E4 501.6 422.4 393.5 
Fl 358.0 373.3 372.9 
F2 392.8 388.9 393.4 0 F3 413.2 429.3 421.9 
F4 399.7 403.4 468.8 

V-* 

Thus, in comparing power spectra at different times and/or 

locations, one must keep in mind that no correction for differing seismometer 

responses has been included. 

Multichannel coherences were obtained by calculating a multiple 

coherence.    The vertical scale is actually 1  - (coherence)    — as the statist- 

icians define coherence — and can be interpreted as the percent of the total 

power in the primary trace which is not predictable f_ ,m a linear combination 

of the other traces.    These results are presented as a function of frequency. 
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The estimate is biased and the bias increases as the number 

of channels increases.   Also the absolute bias is a function of the true co- 

herence; that is, if prediction error is estimated at 1 percent, the data are 

very probably about 99-percent predictable.   However, a prediction error 

of 90-percent, with from 5 to 15 channels used in prediction, indicates that 

the data are essentially random at those frequencies.   A more detailed dis- 

cussion of the multiple coherence is given in another report. 

The actual calculations were done from a crosspower matrix 

obtained by taking the direct transform of 4096 tim^ points (68. 3 min), setting 
* 

f ij (f) =Fi (f) F. (f), and smoothing over about 80 adjacent frequencies.    With 

M * 1/nAt, thie results in a smoothing interval of 0.02 cps.    Such a smoothing 

interval considerably reduces the coherence between certain of the E- and 

F-ring sensors (the ones in line with the direction of propagation) and A0, 

However, this smoothing is necessary to give the estimates adequate stability. 

The effect is considerably reduced when the whole E or F ring is included in 

the coherence.   Some sensors are always so located, with respect to the 

direction of propagation, that there is comparatively little moveout relative 

to A0. 

In general, poor traces were detected by observing playbacks 

and were eliminated before processing.    However, it was sometimes difficult 

to tell which traces were poor enough to destroy correlation.    Therefore, 

several traces were processed in the determination of multiple coherences 

which were essentially uncorrelated with other traces due to spikes,  etc. 

The result was traces that did not appreciably reduce prediction error. 

1-7 •olano« mmrviomm division 



Wavepumber spectra were calculated by standard technique of 

expanding the array in correlation space, weighting the locations by the cror.s- 

powers (or autopower), and taking a 2-dimensional Fourier transform.    This 

results in a spectral window which is convolved with the true spectrum to 

give the wavenumber spectral estimates displayed in this report. 

Crosspower matrices were calculated again by taking the direct 

transform of 4096 time points and setting fii (f) = F* (f) F. (f).   Smoothing 

was done over about 40 frequencies (Af = 1/nAt,  resulting in a smoothing in- 

terval of 0.01 cps. 

Except for the 28 December 1966 noise sample, wavenumber 

spectra were calculated for one horizontal component only.    The 28 December 

noise sample was processes first,  and the similarity of the wavenumber spectra 

formed from the three different components suggested that spectra for all 

three components probably would contribute little additional information. 

Azimuthal power-distribution plots were obtained by inte- 

grating the power spectra over sectors with a 20° central angle and bounded 

by velocity circles of 5 km/sec and 2 km/sec.    This was done for all samples 

except for the 28 December 1966 sample, which was integrated over 15° 

sectors bounded by the velocity circle V = 2 km/sec and the origin (V"»). 

The 2- to S-km/sec range was chosen to include most of the spreading of 

surface-mode noise power (V « 3 to 3. 5 km/sec) due to the spectral window. 

Integrals of the power over the sectors are divided by the zero 

spatial lag and plotted on polar coordinate paper on a logarithmic scale, 

increasing outward.    These wavenumber spectra are the 2-dimensional Fourier 

transforms of sampled spatial autocorrelation functions which are not, in 

general, possible autocorrelations.    Thus, the spectrum so derived is not 

positive everywhere.   Sectors which gave a negative total power have been 

left blank. 
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Surface weather maps for the nearest 6-hr period are pre- 

sented for each noise sample to estimate wave activity.    This can only be 

done in a gross manner from the weather maps.   Inquiries are being made 

to see if charts of wave activity, which are made each 12 hr by the Navy, can 

be obtained.   A more detailed report of the correlation between wave activity 

and long-period noise will be forthcoming. 
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SECTION II 

DATA PRESENTATIONS 

The data are presented chronologically with short comments 

about the salient features of each noise sample. 

For a pilot study, the 12 November and 28 December 1966 

noise samples were processed first and, thus, were studied more intensively. 

For the remainder of the noise samples, the processing was essentially 

standardized.   An overall discussion of the long-period noise characteristics 

is presented in Section III. 

Figure II-l shows a 550-sec section of the 12 November noise 

sample. The noise appears to arrive in strong bursts. This is most evident 

for the vertical sensors but can also be seen on the east-west sensors. 

Figure II-2 shows the power spectra from subarrays A0,  Fl, 

and F2.   Salient features of the 12 November power spectra are 

• Spectra of like components are quite consis - 
tent spatially above approximately 0.05 cps 

• Above 0.05 cps, the spectra are character- 
ized by a peak near 0. 06 cps and a broad 
peak from 0.12 to 0. 22 cps 

• The horizontal components show 6- to 10-db 
higher power density than vertical com- 
ponents in the 0.12- to 0.22-cps range 

• There is no seismic energy above 0.25 cps 

Figure II-3 shows the multiple coherences among vertical traces 

for the 12 November noije sample.    The noise is quite predictable from the 

D ring (30 km from A0) only at the 0s06-cpa power-density peak.    Coherence 

falls off sharply below 0. 05 cps and above 0. 22 cps. 
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Figure II-2.    Power Spectra of 12 November 1966 Noise 
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Figure II-3.    Multiple Coherences Between Vertical Components for 
12 November 1966 Noise Sample 
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Figure II-4 shows the multiple coherences of the AO vertical 

sensor with various combinations of horizontal sensors.    The 0.06-cp9 peak 

is highly predictable from nearby north-south,  east-west horizontal com- 

ponents but not from horizontal components located only at AO.    This suggests 

a dominant Rayleigh-mode source which has considerable azimuthal dis- 
2 

tribution . 

Figure II-5 through II-8 show the wavenumber spectra and 

azimuthal power distribution for the vertical and north-south components at 

0.06, 0.08, 0.14, and 0. 16 cps.   The wavenumber spectra suggest that 

energy near the 0.07-cps peak is dominated by a fairly narrow azimuthal source 

to the northeast within apparent horizontal velocity of about 3. 5 km/sec.    There 

is also a possible source to the west, but it is considerably weaker.   In general, 

the vertical and north-south components give similar results; however, the 

horizontal components tend to give a somewhat more "smeared out" spectrum. 

The 0.12- to 0. 22-cps peak Is apparently dominated by the same broad 

azimuthal source coming from the northeast and a source slightly south-of- 

west.   Near 0.15 cps, the velocity appears to be about 3 km/sec.   Spectra Oi 

the vertical components show a peak at a velocity sllg-idy greater than 4 km/sec 

at 0.16 cps.    This may be an expression of a Mgher-order ti-apped mode. 

Figure II-9 showa the surface weather map for 13 November 1966 

at 0000 hr with the LASA array represented as a star.    The North Atlantic near 

Greenland and Scandinavia was stcrmy, and a front was passing through 

Newfoundland.    These occurrences probably account for the seismic energy 

from the northeast.   A front was passlrg along the Pacific coast In a direction 

about S150W from the LASA.    This Is probably the cause of seismic energy 

originating slightly south-of-west near 0.15 cps. 
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Figure II-4.   Multiple Coherences Between AO Vertical and 
Combinations of Horizontal Sensors 
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Figure II-5.   Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 06 cps,   12 November 1966 
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Figure II-6.   Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 08 cps,   12 November 1966 
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Figure II-7.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 14 cps,  12 Novembsr 1966 
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Figure II-8.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 16 cps,  12 November 1966 
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Figure 11-9.   Surface Weather Map for 13 November 1966 at 0000 Hr 
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Figure 11-10 shows power spectra from A0,  F2,  F3, and F4 

for the 18 November noise sample.    These power spectra have the following 

salient characteristics: 

• A peak near 0.05 cps for the spectra of the ver- 
tical seismometers 

• A broad peak in the 0.12- to 0. 22-cps range 

• General spatial similarity of spectra of like 
components (horizontal and vertical) above 0.05 cps 

• Spectra of horizontal components 5 to 10 db 
noisier than those of vertical components in 
0.12- to 0. 22-cps range 

• No appreciable seismic energy above 0.25 cps 
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Figure 11-10.    Power Spectra of 18 November 1966 Noise 
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Figures II-11 and 11-12 show the wavenumber spectra and 

aximuthal power distribution plots for the vertical and east-west components 

at 0.05 and 0.14 cps,  respectively.    Spectra from the two different components 

show power-density peaks from the northeast and southwest with velocity of 

about 3.5 km/sec.    The vertical component spectra indicate peaks of about 

equal intensity from N65-70oE and about S40oW.    The east-west component 

spectra show a broad peak from the east and a weaker peak from the south- 

west.   At 0.14 cps, the vertical and east-west spectra show a broad azimuthal 

peak to the east-northest and a peak to the southwest.    The dominant peak from 

the east-northeast has a velocity of about 3 krr./?ec. 

Figure 11-13 shows the weather map for 18 November 1966 at 

1800 hr.   A front extends through the Great Lakes and the Nova Scotia coast- 

line that probably generates the seismic energy from the east-northeast.    There 

is a front off the California coast which may be generating the seismic energy 

from the southwest. 

Figure 11-14 shows power spectra from A0, E2, E3, Fl, and 

F2 for the 2 December 1966 noise sample. Salient features of these spectra 

are 

• There is a sharp peak near 0.05 cps 

• A broad peak exists in the 0.12- to 
0. 20-cps range 

• Similar components (horizontal and 
vertical) have similar spectra above 
0.05 cps at different locations 

• The horizontal components are 5- to 
10-db noisier than vertical com- 
ponents in the 0.12- to 0. 20-cps 
range 

• There is no appreciable seismic 
energy above the 0.27-cps range 
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Figure 11-11.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0.05 cps,  18 November 1966 

11-13 •otono» ••rvloM division 



»ST »ST 

Figure 11-12.    Wavenumbei Spectra and Azimuthal Power Distribution 
at 0. 14 cps,   18 November 1966 
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Figure 11-13.   Surface Weather Map for 18 November 1966 at 1800 Hr 
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Figure 11-14.   Power Spectra of 2 December 1966 Noise 
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Figures 11-15 and 11-16 show the multiple coherences between 

vertical and north-south components,  respectively.    The AO vertical com- 

ponent is quite predictable near 0. 06 cps,  even from sensors more than 50 km 

away from AO (E and F rings).    The AO north-south component is only slightly 

less predictable than the vertical component.    Coherence falls off sharply be- 

low 0.05 cps on both components and above 0. 22 cps for the north-south com- 

ponent. 

Figure 11-17 shows the predictability of the #0 vertical com- 

ponent from various combinations of horizontal con ^ nents.    The 0. 06-cps 

peak is very predictable from nearby horizontal components and is quite pre- 

dictable (75 percent) from horizontal components at A0.    The A0 vertical com- 

ponent is moderately predictable up to 0. 15 cps from nearby horizontal components. 

Figures 11-18. 11-19.  and 11-20 show the wavenumber spectra 

and azimuthal power distribution of the vertical and east-west components at 

0.06, 0.08, and 0.14 cps, respectively.   At 0. 06 and 0. 08 cps, the spectra 

of both components are dominated by a source centered between N40-45oE 

with an associated velocity of about 3. 3 km/sec.   In addition, there is a 

weaker peak from the west with similar velocity at 0. 08 cps.   At 0.14 cps, 

the dominant source for both components is still from the northeast; however, 

the peak appears to have shifted nomewhat to the north.    The weaker peak to 

the west is still evident on the vertical component spectrum and has a*- 

apparent velocity of about 3 km/sec. 

The 2 December noise sample was recorded from 21:37:00. 5 to 

22:49:50. 9 hrs.    Two 3 December noise samples were studied.    These were 

recorded from 04:17:00. 5 to 05:36:59. 9 and from 05:37:00. 5 to 06:56:59. 9 hr. 

Thus, there were two back-to-back 80-min samples,  separated by about 6 hr 

from the previous 2 December noise sample.    These noise samples can be 

used to estimate the short-term time stability of the noise field.    The two 

3 December noise samples will be referred to as Dec 3A and Dec 3B, respec- 

tively. 
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Figure n-17.    Predictability of the AO Vertical Component from Combinations 

of Horizontal Components,  2 December 1966 
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Figure 11-18.   Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 06 cps,  2 December 1966 
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Figure 11-19.    Wavenumber Spectra and Azimuthal Power Distribution 
at D. 08 cps,  2 December 1966 
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Figure 11-20,    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 14 cps,  2 December 1966 
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Figure 11-21 shows a 600-sec segment of noise sample Dec 3A. 

The seismic energy appears to arrive in bursts; this is most evident on the 

vertical traces. 

Figure 11-22 shows power spectra from the A0, Fl,  F2, F3, 

and F4 locations for Dec 3A.    Figure 11-23 shows power spectra from the A0, 

Fl, and F4 locations for Dec 3B.    Considering these spectra and the 2 

December spectra (Figure 11-12): 

• Spectra for Dec 3A and Dec 3B are essentially 
identical 

• Spectra for both 2 December and 3 December 
no'se samples are quite similar from about 
0.05 to 0.15 cps; there is a decided change 
in the 0.15- to 0. 25-cps band; the 3 December 
sample has considerably less power than does 
the 2 December spectra from 0.15 to 0. 25 cps 

• The like-component (vertical and horizontal) 
spectra are quite similar at different 
locations above 0.05 cps for Dec 3A and 
Dec 3B 

• There is no appreciable seismic energy in 
Dec 3A and Dec 3B above 0.25 cps 

Figure 11-24 shows the multiple coherences of the A0 vertical 

component with various combinations of vertical outputs for Dec 3A.   Power 

near the 0.06-cps peak is very predictable from sensors over 30-km away 

from A0 (D i Jig) and is strongly predictable even from sensors as distant as 

100 km (Fring).    The peak near 0. 13 cps is quite predictable from the D ring. 

Coherence drops off sharply below 0. 05 cps and above 0.16 cps.    Comparison 

of these multiple coherences with the 2 December noise (Figure 11-14) indicates 

that the results are similar near 0.06 cps but that the peak near 0,13 cps is 

significantly more predictable for Dec 3A. 
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Figure 11-22.   Power Spectra of Dec 3A Noise 
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Figure 11-23.   Power Spectra of Dec 3B Noise 

Figure 11-25 shows the multiple coherences of the AO north-south 

component with various combinations of north-south components for Der. 3A, 

The north-south component is also quite coherent across the entire array near 

0.06 cps but is slightly less coherent than the vertical component.    The north- 

south component is definitely less coherent than the vertical for the peak near 

0.13 cps.    Coherence drops off sharply below 0.05 cps and above 0. 15 cps. 

Comparing these coherences with those for the 2 December noise sample 

(Figure 11-15) indicates that both the 0.06-cps peak and the 0.13-cps peak are 

less predictable using the 2 December noise sample. 
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Figure 11-26 shows the multiple coherences between AO vertical 

and varioun combinations of horizontal sensors for Dec 3A.    The peak near 

0.06 cps is extremely predictable from the nearby horizontals and also from 

horizontals 30-km distant (D ring).    Comparison of these coherences with those 

obtained from the 2 December noise sample (Figure 11-16) indicates that the 

0.06-cps peak is slightly more predictable for both 3 December noise samples, 

anc i;he 0.13-cps peak is defi^tely more predictable for the 3 December noise 
1 ) samples.    This la particularly evident when AO vertical is predicted from AO 

north-south and east-west coherences. 
U 

Figure 11-27 shows the wavenumber spectra and azimuthal power 

distribution for the vert'„al and east -west components for Dec 3A at 0.06 cps. 

Wavenumber spectra and azimuthal power distribution for the vertical and 

north-south components for Dec 3B at 0.07 cps are shown in Figure 11-28,. 

Figura 11-29 shows the wavenumber spectra and azimuthal power distribution 

for the vertical and east-west components for Dec 3A at 0,^8 cps.   A1J these 

spectra are very similar.    They are entirely dominated by a source from 
• n N40  E which has a velocity of about 3. 5 km/sec.    Comparison of these spectra 

with those of similar frequencies for the 2 December noise sample (Figures 11-18 

and 11-19) indicates that the dominant noise source was the same for the two 

samples which were taken 6 hr apa^t. 

Figure 11-30 shows the wavenumber spectra and azimuthal 

power distribution for the vertical and east-west components for Dec 3A at 

0.14 cps.    Wavenumber spectra ^nd azimuthal power distribution for the 

vertical and north-south components are shown in Figure 11-31 for Dec 3B at 

0.14 cps. 
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F zure 11-26.   Multiple Coherences Between the AO Vertical Component and 
Combinations of Horizontal Sensors,  3A December 1966 
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Figure 11-27.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0.06 cps, 3A Dt-ember 1966 
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Figure 11-28.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 07 cps,  3B December 1966 
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Figure 11-29.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 08 cps,  3A December 1966 

1-34 •el»no* ••rvio«s division 

D X.J 

i 

0 
0 
D 
Q 

!: 

0 
B 
0 
0 
i 
Q 
0 



»ST-WBT 

EAST-WEST 

Figure 11-30.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 14 cps for Dec 3A Noise Sample 
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Figure 11-31.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 14 cps for Dec 3B Noise Sample 
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The vertical components are very similar and quite simple. 

They are dominated by a source from about N350E with a velocity of 3 km/sec 

and have a secondary peak from the west at a slightly lower velocity. 

The horirontal components are generally similar but have a 

much higher background of random peaks.    The dominate peak from the 

northeast is smeared out in aaimuth.    Comparison of these 0. 14-cps spectra 

with those at the same frequency for the 2 December noise samples (Figure 11-20) 

indicates that the spectra are generally quite similar for the two noise 

samples which were taken 6 hr apart. 

Figure 11-32 shows the surface weather map on 3 December 

taken at 0000 hr.    There is a large storm front between Baffin Island and 

Greenland which may cause the peak from the northeast.   There is also a 

strong low-pressure center off the coast of Washington.   Circulation around 

this low may cause the wave activity along the west coast, accounting for the 

secondary source to the west. 

Figure 11-33 shows a 600-sec segment of the 13 December noise 

sample.    This noise sample appears quite uniform (no energy bursts).   Power 

spectra from the A0,  F2, and F3 locations are shown in Figure 11-34.   Ex- 

amination of these spectra indicates 

• The spectra are characterized by a general 
frequency fall-off and a null at 0.1 cps, 
rather than their being dominated by peaks 

• The horizontal and vertical components 
have fairly similar spectra above ap- 
proximately 0.04 cps 

• The horizontal components are 3- to 10-db 
noisier in the 0.1 - to 0. 2-cps range 

• There is no appreciable seismic energy 
above 0. 27 cps 
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Figure 11-32.   Surface Weather Map for 3 December 1966 at 0000 Hr 
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Figure 11-34.   Power Spectra of 13 December 1966 Noise 

Figure 11-35 shows the multiple coherences between AO vertical 

and various combinations of vertical components.    Coherence is quite poor 

below 0.05 at a distance of 100 km (F ring) and nil above this frequency.   Co- 

herence is good at a distance of 30-km (D ring) in the 0.04- to 0.09-cps range. 

No dominating coherence peaks occur in this noise sample. 

Figure 11-36 shows the multiple coherences bstween A0 north- 

south and various combinations of north-south components.    The north-south 

components show essentially no coherence at a distance of 50-km (E ring) 

and good coherence only at a peak near 0.08 cps at a distance of 30-km 

(D ring). 
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Figure 11-37 shows the multiple coherences between AO vertical 

and various combinations of horizontal components.    The AO vertical component 

is strongly predictable from nearby horizontal components between 0.05 and 

0. 12 cps.    The low-frequency coherence (below 0.05 cps) falls off sharply. 

Single-point coherence A0 vertical to A0 north-south and east-west) is quite 

low except near 0. 12 cps.    It should be pointed out that a rather high number 

of questionable traces occurred in the E and F rings for this noise sample, 

which could make the coherences involving these traces unusually low. 

Figures 11-38 and 11-39 show the wavenumber spectra and 

azimuthal power distributions for the vertical and east-west components at 

0.06 and 0,08 cps,   respectively.    At these frequencies,  both components show 

a peak of broad azimuthal distribution from the west and a somewhat lesser 

peak of considerable azimuthal distribution from the northeast.    The velocities 

are about 3, 5 km/dec. 

Wavenumber spectra and the azimuthal power distributions for 

the vertical and east-west components at 0. 14 cps are shown in Figure 11-40. 

The vertical component shows a peak from N330E with a velocity of approxi- 

mately 2. 9 km/sec and a peak with a roughly similar velocity distributed in 

azimuth from N550W to S60o Jf. 

The east-west component spectrum shows a split peak from the 

northeast which is distributed over a fairly large azimuth.    The peak is split 

into velocities of about 3.0 km/sec and 3.9 km/sec, possibly indicating a 

higher-order surface mode.    There is also a strong peak from a generally 

westerly direction with a velocity of about 3.0 km/sec. 

Figure 11-41 shows the surface weather map on 1 3 December at 

1200 hr. The North Atlantic was quite stormy near the southern tip of Green- 

land, which may account for the spectral peak from the northeast. 

A 600-sec segment of the 21 December noise sample is shown 

in Figure 11-42,    This noise sample appears to be moderately uniform. 
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Figure 11-37.    Multiple Coherences Between AO Vertical and Combinations 
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Figure 11-38.    Wavenumber Spectra and Azimuthal Power Distirbution 
at 0, 06 cps,   13 December 1966 
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Figure 11-39.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0.08 cps,   13 December 1966 

11-46 



«iHMntti —■ m JBMM mmamm 

I 
I 
f 
I 

D 

1 

Figure 11-40.    Wavenumbor Spectra and Azimuthal Power Distribution 
at 0, 14 cps,   13 December 1966 
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Figure 11-41.    Surface Weather Map for 13 Decem^Si  '.966 at 1200 Hr 
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Figure 11-43 shows power spectra from the AO,  F3,  and F4 

locations.    Examination of these spectra indicates that the spectra (all 

components) show two distinct peaks of about equal magnitude,  one in the 

0.04- to 0.08-cps range and the other between 0. 11 and 0. 14 cps.    Like conv 

ponents (horizontal and vertical) have similar spectra above 0.04 cps at all 

locations.    Horizontal components are 0- to 5-db noisier than vertical com- 

ponents in the 0. 12- to 0.22-cps range.    There is no appreciable seismic 

energy above 0.27 cps. 
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Figure 11-43.   Power Spectra of 21 December 1966 Noise 
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Figure .T.I-44 shows the multiple coherences between AO 

vertical and vailcus combinations of vertical components for the 21 December 

noise sample.   Multiple coherences between AO north-south and various other 

combinations of north-south components for the 21 December noise sample 

are shown in Figure 11-45.    Figure 11-46 shows the multiple coherences be- 

tween AO vertical and various combinations of horizontal components for the 

21 December noise sample.    Examination of these coherences indicates that 

•   There is essentially no coherence at distances 
of 100 km (F ring) for either the vertical or 
horizontal components 

• Near 0.07 cps,  both the vertical and north- 
south components are quite predictable (80 
percent) from 30-km away (D ring) 

• Near 0. 12 cps, the vertical component is 
significantly more predictable than the north- 
south component from a distance of 30 km 

• The low-frequency (f <0.05 cps) coherence 
falls off sharply 

• The A0 vertical component is very predictable 
in the range 0.06 to 0. 14 cps from nearby 
horizontal components 

i: 
l 
§ 
Hi 

• The A0 vertical component is also quite pre- 
dictable from horizontal components 30-km 
away (D ring) 

• There is little point coherence (A0 veitical 
from A0 north-south and east-west) except 

p near 0.12 cps 

Figure 11-47 shows the wavenumber spectra and azlmuthal power 

distribution for the vertical and east-west components at 0.06 cps for the 

21 December noise sample.    Both spectra are dominated by a peak from the 

southwest which has considerable azimuthal distribution and velocity of approxi- 

mately 3. 5 km/sec.   Also,  the east-west component spectrum has weaker peaks 

from N30oE and N750E,  while the vertical component spectrum has an additional 

peak at N30oE. 
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Figure 11-47.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 06 cps, 21 December 1966 
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Wavenumber spectra and azimuth£.l power distribution for the 

vertical and east-west components at 0. 12 cps for the 21 December noise 

sample are shown in Figure 11-48.    Both components are dominated by power 

coming from the southwest (as was also true at 0.06 cps).    The secondary 

peaks from the northeast ire no longer present. 

Figure 11-49 shows the surface weather map on 21 December 1966 

at 0600 hr.    A front was crossing the California coast,  which probably 

generated the seismic energy from the southwest. 

A 600-sec segment of the 28 December noise sample is shown 

in Figure 11-50.    The seismic energy appears to have some bursts of activity, 

at least in the vertical component. 

Figure 11-51 shows the power spectra from all good traces tor 

the 28 December noise sample.    It should be noted that the scale factor is 

uncertain (compared to other days) in this data and the spectra, therefore, 

are in units of relative power density only.    Examination of these spectra 

indicates 

• The spectra are dominated by strong peaks 
near 0.07 and 0. 13 cps 

• The horizontal and vertical components 
have similar power density near 0.07 cps, 
but the vertical components are generally 
down about 5 db in the region of the 0. 13- 
cps peak 

• Like components (horizontal and vertical) 
generally have similar power spectra at 
all locations above approximately 0.05 cps; 
however,  there are certain subarra/s 
(E4 and F3) which seem to be somewhat 
lower at the 0.13-cps peak 

• There is essentially no seismic energy 
above 0. 25 cps 
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Figure 11-48.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 12 cps,  21 December 1966 
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Figure 11-49,    Surface Weather Map for 21 December 1966 at 0600 Hr 
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Figure 11-51.    Power Spectra of 28 December 1966 Noise 
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Figure 11-52 shows the „oherences between AO vertical and 

various combinations of other vertical components.    For distances of 100 km 

(F ring), the vertical component is moderately predictable (45 percent) near 

0.07 cps and 25-percent predictable near 0. 13 cps.    The two power peaks are 

about 75 percent predictable using sensors spaced 50-km apart (E and F rings). 

Coherences between A0 north-south and east-west and various 

combinations of horizontal sensors are shown in Figure 11-53.    Examination 

of these coherences indicate 

• The east-west component is more predictable 
than the north-south component.    This is most 
evident when the prediction of A0 north-south 
from D4, D2, and Dl north-south is compared 
to the prediction of A0 east-west from D4,  D2, 
and Dl east-west 

• The north-south component is about 70-percent 
predictable near 0.07 cps and 50-percent pre- 
dictable near 0. 13 cps from sensors over 50 km 
apart (E and F rings).    This predictability is 
significantly less than the vertical-trace pre- 
dictability near 0.13 cps (Figure 11-52) 

• There is almost no coherence between east- 
west and north-south components even at 
very close distances (B-ring,  10 km) 

• Coherence decreases sVarply below 0.05 cps 

Figure 11-54 shows the co-it fence between A0 vertical and 

various combinations of horizontal sensors.    The vertical component is highly 

predictable from nearby horizontal components in the 0,05- to 0.14-cps range. 

This predictability is primarily the result of coherence between the vertical 

and east-west components.   Coherence between the vertical and north-south 

components is considerably less. 

0 
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Figure 11-54.    Multiple Coherences Between AO Vertical and Combinations 
of Horizontal Sensors,  28 December 1966 
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Wavenvmber spectra for all three components an«i azimuthal 

power distribution plots lor the north-south and east-west components at 

0.08 cps for the 28 December noise sample are shown in figure 11-55.   All 

three spectra are quite similar in that they are dominated by a source from 

N620W with a velocity of about 3.5 km/sec. 

Figure 11-56 shovi wavenumber spectra for all three components 

s>ud azimuthal power distribution plots for the north-south and east-west com- 

ponents at 0.12 cps for the 28 December noise sample.   Again, all the spectra 

are similar and are dominated by a peak from N60-65oW with a velocity of 

3 km/sec on the vertical-component spectrum and slightly higher on the 

horizontal-component spectra. 

Figure 11-57 shows wavenumber spectra Tor all three components 

and azimuthal power distribution plots for the north-south and east-west com- 

ponents at 0.14 cps for the 28 December noise sample.    The peak from 

N60-65oW is still dominant, but there is also a strong peak from the north- 

east quadrant. 

Shown in Figure 11-58 is the surface weather map on 28 December 

1966 at 0000 hr.    There is no obvious generator for the seismic energy from 

N60-65oW.   It is possible that the front shown off the Pacific coast was 

crossing the coast in the region north of Puget Sound.    This would be the 

correct position to generate the seismic energy observed. 

For the 28 December noise sample, a time-domain multichannel 

filter system (MCF) was designed for a total of 10 elements using the vertical 

components of A0, Cl,  C2, C4, Dl, D2, D4,  El,  E2, and E4.    The data were 

resampled to a 2-sec sampling interval,  and the filters were 25 points (50 sec) 

long.    The signal model was infinite velocity, and measured noise correlations 

were used.   The data had been prewhitened by a short deconvolution filter.    The 

N./N   ratio for the MCF and the summation are shown in Figure 11-59.   Also 

showl is the multiple coherence between A0 vertical and the outlying vertical 

traces used in the MCF. 
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Figure 11-55.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 08 cps,  28 December 1966 
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Figure 11-57.    Wavenumber Spectra and Azimuthal Power Distribution at 
0. 14 cps,  28 December 1966 
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Figure U-60(a)   shows the K-plane response of the MCF at 

0.08 cps and 0.12 cps. 

In the region of the 0.07-cps power-density peak (Figure 11-52), 

the MCF gives about 15- to IS-db noise rejection, while the summation gives 

about 12- to 13-db noise rejection.   In general, the MCF is significantly 

superior below about 0.16 cps.    The noise rejection obtained by the MCF tends 

to follow the coherence. 

Comparing the wavenumber response of the MCF (Figure 11-59) 

with the wavenumber spectra of the noise (Figures 11-56, 11-57, and 11-58), 

it is evident that the processor strongly attenuates the low-velocity 3- to 

3.5 km/sec power peaks but attenuates most high-velocity (V > 8.0 km/sec) 

energy very little.    This again indicates that the great majority of noise is 

directional surface-mode noise. 

The noise out of the MCF processor in the frequency range 

0. 5 < f < 0.15 is still as much as 12 db above the system's noise (noise level 

above 0. 25 cps).    This noise, which is down about 15 db below the directional 

surface-mode noise, is probably either nondirectional surface-mode noise or 

high-velocity noise. 

Figure II-60(b) shows the wavenumber response of the 10- 

channel summation at 0. 08 and 0.12 cps.    This summation is a reasonably 

good processor in the frequency range of interest. 

Figure 11-61 shows the summation response of the entire 21- 

element long-period array at 0.1 cps.   Depending on the exact source location, 

coherent surface-mode energy could come through the side lobes of the 

summation response.   However, in general, summation of the entire array 

would be a good P-wave extractor even in the presence of coherent surface- 

mode noise.   Surface-mode energy should be rejected by about 9 to 18 db for 

frequencies above 0.05 cps. 
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Figure II-60(a).    Wavenumber Response of MCF at 0. 08 and 0. 12 cps 
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An it 'astigation of the relative merits of various schemes of 

signal processing for long-period data is underway under the extension of 

Contract AF 33(657)-16678. 

The fact that the north-south and east-west components and the 

north-south and vertical components showed little coherence while the vertical 

and east-west components were much more correlated (Figures 11-53, 11-54, 

and 11-55) suggests that the dominant point-like source from N60-65oW 

(Figures 11-56, 11-57, and 11-58) may have been generating Love-mode a? 

well as Rayleigh-mode energy. 

To further test this hypothesis, all well-recorded horizontal 

components were "rotated," using the computer to develop components 

orientated N620W and N280E.    The wavenumber spectra for each of these 

rotated components at 0.08 cps are shown in Figure 11-62.   As can be seen, 

both spectra are very similar and are generally a reflection of the spectral 

window, indicating a point-like source.    The peak for the transverse com- 

ponent is at a noticeably higher velocity, as would be expected if a component 

of Love-wave energy were present. 

The coherences between the rotated elements were also computed. 

Figure II-63(a)   shows the coherence between the inline and transverse com- 

ponents.    Figure II-63(b)   shows the coherence between inline components and 

A0 vertical and between transverse components and A0 vertical.    The inline and 

transverse elements are essentially independent, as are the transverse and 

vertical components.    However, the inline components separately, the trans- 

verse components separately, and the vertical-inline combination are highly 

coherent.    The vertical component is highly predictable from nearby inline 

horizontal components but essentially uncorrelated with nearby transverse 

components. 
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Figure 11-62.   Wavenumber Spectra of Rotated Horizontal 
Components at 0. 08 cps 
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This evidence strongly indicates that the point-like source to the northwest 

is a source of both Rayleigh- and Love-mode energy. 
u 

Figure 11-64 shows power spectra from the AO, Fl,  F2,  F3, 

and F4 locations for the 7 February noise sample.    Examination of these 

spectra indicates 

• Peaks occur at 0.05 cps and 0.11 cps, and a 
broader peak occurs near 0. 15 cps 

• Like components (vertical and horizontal) 
generally have similar spectra at aJ. 
locations above 0.05 cps 

• Horizontal components are about 5-db 
noisier near the 0.15-cps peak 

• There is essentially no seismic energy 
above 0. 28 cps 

Figure 11-65 shows the coherences between A0 vertical and 

various combinations of other vertical traces.    The vertical component is 

strongly coherent (75 percent) at a distance of 30 km (D ring) in the 0.05- 

to 0.14-cps range.    The peaks near 0.06 and 0.11 cps are 50-percent pre- 

dictable from 100-km away (F ring).    Coherence falls off sharply below 

0.05 cps. 

Figure 11-66 shows the coherences between A0 north-south and 

various combinations of north-south components.    The north-south component 

is not so predictable as the vertical (Figure 11-65),  especially at large dis- 

tances.   However, using sensors as closely spaced as 30 km, the A0 north- 

south is strongly coherent (75 percent) in the range 0.06 to 0.14 cps.    The 

peak near 0.10 cps is very strongly coherent for both the north-south and 

vertical components. 
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Coherences between AO v irtical and various combinations of 

horizontal sensors are shown in Figure 11-67.    The AO vertical trace is very 

predictable from nearby horizontals between 0. 06 and 0.14 cps.    The peak 

near 0.10 cps gives extremely high point coherence (A0 vertical to A0 north- 

south and east-west) which tends to indicate a point-like source. 

Figure 11-68 shows the wavenumber spectra and the azimuthal 

power distributions for the vertical and north-south components at 0.05 cps. 

These spectra are dominated by a peak from N45-50oW with velocity of 

about 3. 5 km/sec. 

Figure 11-69 shows the wavenumber spectra and azimuthal 

power distribution at 0.11 cps for the vertical and north-south components. 

The spectra are quite simple, indicating a very point-like source from N60oW 

with a velocity of 3.1 to 3. 3 km/sec. 

Shown in Figure 11-70 are the wavenumber spectra and azimuthal 

power distribution for the vertical and north-south components at 0.15 cps. 

The northwest peak has disappeared at this frequency, and the strongest 

seismic energy is corning from the northeast with a velocity of about 3 km/sec. 

Vertical spectra show a source centered at N450E, while the north-south 

spectra indicate the power is smeared oat over a broad azimuth. 

Figure 11-71 shows the surface weather map on 7 February 1967 

at 1800 hr.    There is a storm front between Baffin Island   and Greenland and 

another just off the coast of Pennsylvania and New York.    To the west, there 

is a frontal passage along the coast of British Columbia.    The front along 

the Yukon/British Columbia coast could well explain the seismic energy from 

the northwest (Figure 11-67). 
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Figure 11-67.    Multiple Coherences Between AO Vertical and Combinations 
of Horizontal Sensors,  7 February 1967 
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Figure 11-68.   Wavenumber Spectra and Azimuthal Power Distribtition 
at 0. 05 cps,  7 February 1967 
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Figure 11-69.    Wavenumber Spectra and Azimuthal Power Distribution 
at 0. 11 cps,  7 February 1967 
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SECTION III 

CONCLUSIONS 

A study of the preceding nine long-period noise samples leads 

naturally to several generalizations about long-period noise.   It should be 

kept in the mind that these noise samples were recorded during the winter 

months, and it is likely that important characteristics of the long-period 

noise are functions of the season.   Because of the long wavelengths involved, 

the long-period noise is probably not so changable as the short-period noise 

field.   However,  extrapolation to other sites would be speculative.    With 

these reservations, the following generalizations are presented as the author's 

estimate of the more important characteristics of the long-period noise. 

The noise below about 0.05 cps varies highly with location and 

does not appeal to behave as seismic noise.   All noise samples show con- 

siderable variability in spectra with location and low coherence below 0.05 cps. 

Haubrlch and MacKenzieJ suggest that noise below 0.05 cps may be the result 

of wind action and changes in air pressure. 

Noise in the frequency band below 0.05 cps is of considerable 

interest, since most signals are in this frequency range.    This low-frequency 

noise will be studied in more detail under the extension of the present contract. 

A proper study will require statistics from several noise tripes. 

In general, the power spectra are characterized by a peak near 

0.06 to 0.08 cps,  "\ relative null near 0. 09 to 0.1 cps, and by a peak (or peaks) 

in the range 0.12 to 0. 22 cps.    The character and magnitude of the peaks are 

quite variable,  especially above 0. 1 cps.    Figure III-) shows 3-component 

power spectra for seven different days.    Differences in shape and 20-db 

differences in the power levels are evident. 
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0 
D 
0 Days which show higher power density also exhibit greater pre- 

dictability.    This is illustrated by Figure III-2, which shows the AO vertical 

predicted from the E- and F-ring vertical components, and Figure III-3, which 

shows the AO "ertical predicted from the D-ring horizontal components.   It 

appears that the high-noise days are the res alt of increased coherent energy. 

The increased vertical-horizontal prediction suggests that this coherent noise 

is propagating in the Rayleigh mode. 

In the region near 0.06 to 0,08 cps (about a 15-sec period), a 

highly coherent energy peak generally occurs.    Both vertical and horizontal 

components have about equal power density.    This energy appears to be mostly 

generated by wave activity along or fairly near the coast of North America. 

There is a general correspondence between weather activity and peaks in 

the wavenumber ppectra in almost every case.    Seashore wave spectra 

characteristically have a peak in this same frequency range. 

The vertical component at the 0.06- to 0.08-cps peak always 

has approximately the correct velocity for the fundamental Rayleigh mode. 

The Rayleigh-mode particle motion is confirmed by the very high pre- 

dictability of a vertical trace from nearby horizontal components.    There is 

no solid indication of high-velocity noise in any of the wavenumber spectra. 

The approximately 18-db noise rejection in the 0.06- to 0.08-cps 

range obtained using the multichannel filter designed for the 28 December noise 

sample (Figure 11-61) gives on indication of the portion of noise which is sur- 

face-mode energy.    The wavenumber response of the MCF system (Figure 11-62) 

indicates that essentially ah the 18-db noise rejection is the result of 

attentuation of surface-mode energy.    The 18-db reduction (compared 

to a single sensor) indicates that 63/64 of the noise power is surface-mode 

energy. 
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The horizontal components generally have power density about 

equal to that of the vertical component near the 0.07-cps peak. Wavenumber 

spectra indicate that the sources of all components are the same. 

The horizontal components are highly coherent but are usually 

less predictable than the vertical components,  especially at large distances 

(50- to 100 km).    The coherences and rotated component wavenumber spectra 

from the 28 December noise sample (Figures 11-54, 11-55, 11-56, and 11-65) 

suggest that some of horizontal energy may be propagating as Love-wave 

energy.    This may account for the generally lower coherence of the horizontal 

components. 

The nature of the hypothesized generating mechanism (storms) 

suggests that the noise field is highly time-variable; and the data observed are 

quite variable.   Power density in the 0.06- to 0.08-cps peaks varies by about 

15 db (Figure III-l), and wavenumber spectra indicate considerable differences 

in the source locations.   In general, the noise sources were from the northeast 

and the west. 

These storm-related sources probably would become consider- 

ably less dominant during the summer months.   Several spring and summer 

long-period noise samples will be investigated as the data become available. 

For the two noise samples taken 6 hr apart (2 December and 

3 December), the 0.07-cps peak appears to be essentially unchanged over the 

period.    The power spectra and wavenumber spectra are very similar.   An 

investigation of the effectiveness of time-domain filters when designed on one 

noise sample and applied to another taken 6 hr later is planned. 
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The power-density spectra generally have a relative null near 

0.09 to 0.1 cps and a peak in the range 0.12 to 0. 2 cps.   Near 0.2 cps, the 

sensing system's attenuation severely "cuts off" the seismic energy (Figure 1-2). 

Power spoctra in the 0,1- to 0. 2-cps ran^e  .re quite variable.    Changes in the 

power density at 20 db and considerable changes in the locations and character 

of the peaks are evident in Figure III-l.   Generally, the horizontal components 

are considerably noisier and less coherent in this frequency range.   However, 

the 7 February noise sample is an exception to this pattern.    Coherences are 

more variable in the 0.1 - to 0. 2-cps range, but there is generally con- 

aiderable coherence at distances from 30 to 50 km (D and E rings). 

The vertical components in the 0. 12- to 0.16-cps range are 

generally dominated by fundamental Rayleigh-mode energy from the same 

sources b.s the 0.07-cps energy; however, sometimes ihere are additional 

or more-diffused peaks in the wavenumber spectra near 0.15 cps, compared 

to those near 0.07 cps.   A considerably larger, uncorrelated component exists 

at these frequencies.    Generally,  ccherence near 0. 15 is considerably lower 

than at 0.07  ,ps. 

There are some possible indications of the development of a 

higher-order mode.    For example, the 12 November noise sample wavenumber 

spectra at 0.16 cps (Figure II-8) show a peak from the northeast with a velocity 

near 4 km/sec and another smaller peak with the approximate velocity of the 

fundamental Rayleigh mode (3 km/sec). 

The low-frequency (near 0. 2-cps) end of the short-period noise 

typically shows directional peaks in the wavenumber spectra with velocities 

near 3, 5 km/sec, which must be interpreted as a higher-order mode. 
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Above 0,15 cps, the coherence is generally down considerably 

even though, in many cases, the power density remains rather high (e. g., 

2 December).   It appears likely that noise character changes near 0. 16 cps, 

which may be the result of higher-order modes becoming dominant or of 

different sources becoming dominant.    The 0. 15- to 0. 2-cps range is a 

difficult frequency range in which to work, for it is the range of poor response 

of both the short- and long-period instruments. 
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The horizontal components' wavenumber spectra usually in- 

dicate the same storm sources as indicated on the vertical components.    The 

peaks are often more spread in azimuth than on the vertical component 
li 

spectra.    Velocities are roughly those expected for the fundamental Rayleigh 

mode (3 km/sec).    Love-wave energy have roughly the same velocity in this 

frequency range   and are undistinguishable from the furdamental Rayleigh mode 

in wavenumber spectra.    No attempt has been made to demonstrate the pres - 

eace of Love-mode energy in this frequency range; however,   based on the 

results at 0.07 cps for the 28 December noise sample, some Love-mode 

energy nould be expected at these frequencies. 

There is also some indication of a higher-order mode in the 21 

horizontal wavenumber spectra.    The east-west component wavenumber spectra n 

for the 13 December noise sample at 0.14 cps (Figure 11-42) show energy U 

from the northeast which is split into two distinct peaks.    One has a velocity 

of about 3 km/sec, the other about 3. 9 km/sec.    The higher-velocity peak 

may represent a higher-order mode. 

Because of the higher percentage (generally 5 to 25 percent near 

0.13 cps) of random noise than at 0.0<v cps, it is more difficult ^o determine 

whether or not any high-velocity noise is present.    There is no indication of 
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any high-velocity peaks in the wavenumber spectra.    Also, the MCF system 

designed for the ?8 Decer->ber noise sample was quite effective near 0.13 cps 

(Figure 11-61),  while the wavenumbf.r response (Figure 11-62) does not show 

much high-velocity attenuation near 0. 13 cps.    These facts suggest that the 

P-wave noise level is insignificant in the 0. 1- tc 0. 15-cps range. 

The short-term time stability of the noise in the 0. 1- to O.Z-cps 

range can be estimated by examination of the 2 December and 3 December 

noise samples which were recorded about 6 hr apart. 

The waveixjunber spectra at 0. 14 cps (Figure L-22 and 11-32) 

indicate that the major sources of coherent energy are essentially unchanged 

over the 6 hr period.    The power-density spectra (Figures 11-16 and 11-25) 

are quite similar up to about 0. 15 cps, above which the 3 December noüe 

sample has considerab1^ lower power density. 

The multiple coherences (Figures 11-17, II-'S, 11-19, 11-26, 

11-27, and 11-28) indicate that all components of the 2 December noise sample 

are noticeably more coherent near 0.13 cps than those of the 3 December i oise 

sample.    The partially coherent peak in the 0. 18- to 0. Z.-cps range which is 

present in the 2 December noiee is altogether absent from the 3 December 

noise. 

It appears that the noise field in the 0. 1 - to 0.15-cp3 range is 

fairly stable over the 6 hr period    while the noise above 0.15 cps has com- 

pletely changed. 
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